A 41-year
A 41-year-old man with acromegaly was suffering from chronic, progressive backache and aware of reduction in his body height. Endocrine studies revealed increased glucose non-suppressible serum growth hormone (GH) and serum prolaction (PRL). Pituitary microadenoma was detected by a computerized axial tomogram and subsequently resected by trans-sphenoidal adenomectomy.
The tumor proved to be a mixed GH-and PRL-secreting adenoma by electron microscopy and immunoperoxidase staining. Concurrent investigation of backache and reduced height disclosed markedly reduced radiodensity of the spinal bones, bilateral nephrocalcinosis, and hypercalciuria, which were ascribed to renal tubular acidosis (RTA) demonstrated by reduced urinary excretion of acids and insufficient reduction of urinary pH following oral administration of ammonium chloride.
From the analogy to certain endocrinopathies, it appears likely that enhanced calcium metabolism and resultant hypercalciuria due to excses GH and PRL have led to the development of RTA, which further enhanced calciuria. Such enhanced calcium metabolism and consequent hypercalicuria conceivably led to accelerated demineralization of the spine and resulted in the reduced height of this patient in his early forties.
The excessive secretion of growth hormone (GH) causes acromegaly or gigatism depending on the age of onset. Reduction of height occurs infrequently in elderly patients with a long standing illness (Whitehead et al., 1982) . The present reports deals with a patient in his early forties with acromegaly who complained of chronic, disabling backache and reduced height. He had increased serum GH and prolactin (PRL), hypercalciuria, decreased radiodensity of the spine and pelvic bones, and bilateral nephrocalcinosis.
The resected pituitary tumor was histologically determined as a mixed GH-and PRL-secreting tumor. Further studies disclosed normal arterial blood gas analysis and impaired urinary acidification, which was consistent with type 1 renal tubular acidosis (RTA-1). A microadenoma with a maximum diameter of 5mm was detected inside the sella turcica by computerized axial tomography. The basal serum growth hormone (GH) level was 8.5 to 17 ng/ml. The GH level was not suppressed by oral glucose loading and showed exaggerated response to combined insulin-TRH-LH-RH injection. Serum prolactin (PRL) was also increased and further augmented following stimulation (Table 1) . Fasting serum glucose, thyroid and adrenocortical hormones were normal. The secretion of the anterior pituitary hormones other than GH and PRL remained intact.
The patient underwent a transsphenoidal adenomectomy.
The histology of the excised tissue was an adenoma consisting of both eosinophilic and chromophobe cells.
Two kinds of cells were identified in electron-micrographs, i. e. a densely granulated cell with well-developed rough endoplasmic reticulum and Golgi apparatus, and a sparcely granulated cell with less prominent reticulum and Golgi apparatus. The presence of GH and PRL in their cytoplasm was confirmed by immunoperoxidase stainings. When the reserve of the anterior pituitary was tested by the combined stimuli 3 months after the operation, the response of GH and PRL was still abnormal while the rest remained intact, i. e. serum GH was normal before and markedly augmented after the stimulation and the serum PRL was increased before and further augmented after the stimulation (Table 1) . He has been treated with bromocriptine, 5.0 mg/day, and oral supplementation of alkali and calcium since the study. Since then, the baseline serum level of GH and PRL remained in the normal range. Aberrant GH response to TRH injection gradually ameliorated in the 
Studies of Urinary Acidification
The urinary acidification was evaluated by [1] reduction of urinary pH after oral administration of ammonium chloride, and [2] quantitation of daily excretion of acids in urine according to the protocols described below. Both studies were carried out without prior dietary restriction.
The timed urine samples were collected in jars containing toluene and liquid paraffin. The pH was measured with a glass electrode. The titratable acidity was quantitated by titrating aliquots of urine with 1/20 N NaOH to pH 7.40 and ammonium by a colorimetric assay (Okuda et al., 1965) . The bicarbonate concentration in urine was calculated from total CO2 measured by CO2 electrode, pH, Nat, and K+ concentrations according to the following formulae:
[1] pH reduction after ammonium chloride administration (Table 2 ) After a basal urine sample was obtained, ammonium chloride of 0.1 g/kg was given p. o. and periodic urine samples were collected for 5 or 6hours to measure the pH. Arterial blood was drawn at 0, 2, 4hours to measure pH, PaO2 and PaCO2. The study was carried out twice, i. e. in the 25th month after the operation. Following the ingestion of ammonium chloride, the urine pH was reduced at best to 6.0 while the arterial pH was reduced to 7.34 and bicarbonate to 18.0 mEq/L. 
Discussion
This patient was clinically considered to have active acromegaly with typical clinical sible serum GH due to a pituitary adenoma. The adenoma was pathologically demonstrated to be a mixed GH-and PRL-secreting tumor (Melmed et al., 1983) . The patient had hypercalciuria with an average daily urinary excretion of calcium in excess of 7 mM, impaired urinary acidification, and only modest reduction in plasma bicarbonate, which was consistent with RTA-1. His complaints of disabling backache and reduction of height were apparently attributable to advanced demineralization of the thoracic and lumbar vertebrae.
The bony changes in acromegaly used to be attributed to osteoporosis (Keligren et al., 1952; Hamwi et al., 1960) but this view has been questioned following studies using quantitative densitometry of bone radiograms (Doyle, 1967; Rigg et al., 1972; Aloia et al., 1972; Ikkos et al., 1974) , histologic study of biopsied bones (Ramser at al., 1966; Doyle, 1967; Riggs et al., 1972) , and calcium kinetic studies (Haymovitz and Horwith, 1964; Bell and Bartter, 1967; Nadarajah et al., 1968; Aloia et al., 1972) in patients with active acromegaly. Nowadays osteoporosis is no longer thought to be simply a result of excessive secretion of GH. However, hypercalciuria exceeding 7.5 mM/day has been observed in 35 to 55% of patients with active acromegaly (Parfitt, ACTIVE ACROMEGALY WITH REDUCED HEIGHT 1984) . Whitehead et al.(1982) observed a marked decrease in height in 4 out of 8 patients with gigantism after 8 to 48 years of follow up. From the age of this patient, the existence of acromegalic features of about 10 years' duration, and lack of gigantism, we could not attribute the observed demineralization of the spine and pelvic bones solely to GH excess of long duration. Impairment of bone mineralization is well known in RTA, especially in type 2 variation, but skeletal abnormalities are apparently rare in RTA-1 unless complicated by renal insufficiency (Brenner et al., 1982) . Despite the presence of nephrocalcinosis, this patient did not have apparent impairment of renal function, so that the observed bone demineralization could not be explained solely by RTA-1. On the other hand, hyperprolactinemia per se, or complicated by estrogen deficiency, has been reported to be associated with osteoporosis (Klibanski et al., 1980 ) and a combination of hyperprolactinemia and RTA has been reported in one woman (Bar et al., 1975) . Hyperprolactinemia, either by itself or in association with RTA, could have contributed to bone demineralization in this patient.
The persistence of RTA-1 after normalization of GH and PRL secretion appears to deny the possibility of RTA-1 as a direct and reversible sequel to excessive secretion of GH and PRL.
As certain endocrinopathies such as primary hyperparathyroidism and hyperthyroidism have been known to be associated with RTA-1, presumably as a result of accelerated calcium metabolism (Sebastian et al., 1982) , GH excess and hyperprolactinemia appear to have contributed to the development of RTA-1 by a similar mechanism. RTA further enhanced calciuria and the latter conceivably accelerated RTA. In other words, these abnormalities appear to have led, in a vicious cycle, to progressive bone demineralization in this patient. This cycle, if not interrupted, could have led to the development of kyphosis as reported by Whitehead et al.(1982) .
